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EVALUATION OF HIGH DENSITY FORMAT FOR AFQT AN SWER SHEET

The Arme d Forces Qual i f ica t ion  Test (AFQT) was developed joint ly  by
research personnel of the Army , Navy, Air Force , and Marine Corps with
the Department of the Army as the executive agent . All the services used
the AFQT operationally to determine menta l qualifications of male enlist-
ment applicants.  The AFQT was also used for screening selective service
regis t rants  to determine mental qualification for induction .

The Army Qualification Battery (AQB) is a set of supplementary
measures which permitted identification of specific abilities of men
marginal ly  acceptable on AFQT or of men who de8ired to enlist for
specific options . Part A of the AQB provides four subtest scores which
are obtained by separate scoring of the four content areas of the AFQT.

The DIGITEK Optical Scanner is used to score tests , including AFQT
and AQB , at approximately 45 larger Armed Forces Examining and Entrance
Stations (AFEES). The DIGITEK is capable of producing several subtest
scores and a total score on one pass of the answer sheet through the
machine , given an appropriate sequence of items . The sequence of items
in AFQT-7C and its alternate form AFQT-8C, which were introduced before
the DIGITEK Scanners were installed at the AFEES , is not appropriate for
obtaining multiple scores on a single pass. Wi th AFQT-7C and AFQT-8C ,
f i ve passes are required to obtain the AFQT total score and the four AQB
subtest scores.

In order to take advantage of the time—saving mult iple  scoring
f e a t u re of the DIGITEK , the items of the AFQT were rearranged to form
an experimental test (AFQT—8DX ) in which the sequence of items permitted
total  AFQT and the four Part A AQB subtest scores to be obtained on a
single pa ss. An experimental answer sheet!’ with a revised fo rma t was
developed fo r use with the experimental AFQT . It was conceivable tha t
the changes in test and answer sheet fo rmat  could a f f e c t  performance on
the AFQT and AQB. If , in fact , test performance were to be seriously
a f f e c t e d  by the cha nged formats , it would become necessa ry to restand-
ardi z e th e revised AFQT pr ior to imp lementation.

AFQT standardization is a complex process involving a tie-back to a
mobil izat ion population . In view of the e f for t  that would be involved in
standa rdization , it was decided that  the most appropriate research tactic
would be to dete rmine whether standardization was necessary, ra ther  than
to standardize au tomat ica l ly .

~~The gan .~~t objective of this research was to determine whether
for mat changes in the AFQT test booklet and answer sheet could be 1’ ‘~

int roduced operat ionall y without changing existing norms .

1/ PT 4736 , Answer Sheet , Armed Forces Qual i f ica t ion  Test , AFQT 7~ X hnd~
8DX.
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~P er tormance  on th e  opera t tona l A.FQT Was coup s red w i t h  pi ’t I t n ~1ner
~I1~ e~ per imenta  I vt ’: ~t on  ot the a t  t e r na l t ’ t o rt u . Thre e t yp~~; t .t

comparability were studied :

1 .~~~ The c o m p a r a b i l i t y  ol test  admtn i st  : at  ion di I I h u t  t v in  I erm s ot
t ime , e t tort  expended , ex amt nee unders t and in g ,  and yxami i t  , i t u t  ion  i t t

i n s t ruc t ions .

2.” The compa tab: Ii ty of machine scoring c i t  Ic t enc  v in t o t t u s  of
p r opor t ion  of answer sh eet s  of each type re l ected b y the  t e s t  scor ing
machine .

3? The comparab i l i t y  of scores in terms ot  means , s t a n dar d  deviations ,
and correlat ion cod I ic ients .  -

METHOD

Sampling Procedure

In August t9b9, tou r AFEES were v i s i ted  by AR1 re~~c . u ch  s~’ tc nt  1st
to i n i t i a t e  exper imeiic a l  test  a d m i n i s t r a t i o n . The AFEES vt t i ’ si’ lee ted t o
rep resent a divergent sampl ing  in t erms ot geographic ar ea  and s t : c.  This
t ype of selection was matt e in order to oht a in a brosdl  v r e ’present a t  I vt
sample , ra ther  than one which would rot lict the elta rac t er isttt ’s 01 a
p a r t  t e t t l a r  region or communi ty  of a p a r t  i t u l a t  s i:e w i t  b i n  a reg i o n .

The fol  lowing g u i de l i ne s  were used in se te e  t ing the  s :Intp I c .  Samp le

~ was to be a p p r o x i mat e l y  250 examinee s  at  each i n st  at  t a t  ion. The
samp le would include both Selective Ser v ice  r eg i s tr an t s  and app ’t l ean t  s
t o r  enlistment , but was to  he se le ct e d  a t  v .ich t n s t a l 1~~tj o~ ~o as to
p r o v i de  as n e a r ly  as pos s ible  .1 c r o s s— s e c t I o n  ci me n t s  I ab (lit v based en
opera t iona l AFQT scotea . The suggested distribution 1w mental category
v.1 s :

M en t a l  Category Pete en~~~~~~~an~~

I ~~:. —

II .‘ t ” . — lit’ .,

l i i  .10— . —

lv ~~~ ..

V [ () ‘ , — I

Samp 1 ~‘

The examinees we : t  c l a :  s It I ed i n to  Lb r e ’  s i m p  I es . S.imp 1 e A e s t i d
o! cx . lmin t ’e’s who took t h e  op era t i on a l I orm (AE~ T— /C’

~ t it  st and e’~per i rtc ’nt a 1

- ~~~~~~~~~~~~~~~ 
~~~~~~~~~ - — ~~ ~~~~ ~~ i~~ II~
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form (AFQT 8DX) second (7-8 order of administration). Sample B consisted
of examinees who took the experimental form first and the operationa l form
second (8-7 order of administration). Sample C consisted of Samples A and
B combined .

The number of cases in each sample broken down by tes t ing loca t ions is
shown in Table 1.

Table 1

NUMBER OF AFQT EXAMINE ES

Testing Sample A Sample B Sample C
Location 7-8 Order 8-7 Order A & B

Chicago , IL 156 90 246
Jacksonville , FL 130 125 255
Louisville , KY 201 106 307
New York , NY 119 145 264

606 466

Test Administration Procedure

Each examinee in the sample was administered a form of the operational
AFQT , using the opera tional answe r shee t, and the al ter nate f orm in an
experimental format using an experimental answer sheet . A counterbalanced
order of administration was attempted at each installation , i .e., one-half
of the exa minees were to be given the opera t ional for m f i r s t , fol lowed
immedia tel y by administration of the experimental form , and the other ha l f
of the examinees were to be given the experimen tal form f i r s t f ol low ed
Immedia tely by adminis tra t ion of the opera tional f orm.

Instruments

Form 7C is a paper-and-pencil multiple choice test consisting of five
pract ice items and 100 test items . The test is in sp i ral omnibus form wi th
the easies t items a t the beginning and the mos t d i f f i c u l t at the end . There
are four con ten t areas occurring in the following sequence of 25 items each:
Verbal , Arithmetic Reasoning, Tool Functions , and Spatial Relations . The
test is arranged so that groups of four items of each area follow in suc-
cess ion through item 96 . The last four items consist of one item from each
area . The verbal and arithmetic reasoning items are word items w ith no
i l lus t rat ions , while the tool function and spatial relations items are
picture items with no words. Each picture item consists of five pictures
going across the page . A column of four verbal items is followed by a
column of four arithmetic reasoning items on the same page . The next
page of the sequence contains four tool functions items , and the thi rd
page of the sequence consists of four spatial relations items . This se-
quence repeats itself through item 96. The last page of the test contains
one item of each type.

3
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The size ot the booklet is approximately lOs” x 8” . The examined
reads from l eft to right across the 10½ inch dimension and from top to
bottom along the 8 inch dimension . This orientation is less ccnvenicnt
than the conventional one , wh ich is bound on the long dimension and read
across the short. The major offsetting advantage is that , although less
convenient to handle , this orientation permits large r Illustrations than
would be possible with the same size conventionall y oriented booklet.

The experimental AFQT Form 8DX is an equivalent form to Form 7C , but
arranged so t h a t  groups  of f i v e  Items of each area follow in succession .
The arrangement of items on the pages is the same three-page sequence as
t n 7 C :  A co lumn  ot five verbal items followed by a column of five arith-
metic reasoning items on the same page ; the  nex t  page of the sequence’
contains f i v e  tool functions items , and the third page consists of five
‘.p a t  ( at  r e l a t  i ons  i t e m s . Tht’ sequence repea t s  i t  s e l l  t h roughou t  t he  t e s t .

The s iz e  ot  t he  book le t  is a p p r o x i m a t e l y 8” x 10½ ’ . In c o n t r a s t  to
7C the ’ ex am in t ’e reads f rom l e f t  to  r i g h t  across  the 8 inch  d i m e n s i o n  and
f r o m  t op  t o  b o t t o m  a l o n g  the  10½ inch dimension . The co n v e n t i o n a l  or ien-
t a t  ion ci  the  b o o k l e t  makes i t  e a si er  to h a n d l e  than  tht ’ 7C b o o k l e t .  How-
ever , i n  order to l i t  a l l  f i v e  p i c t u r e s  in the  p i c t u r e  i t ems  across  the
na rrow p ige ’ d imen s ion , the size ct each i l l u s t r a t i o n  was reduced 1w 20 

The operational answe r sheet used with APQT 7C is DA Form o0l0-2 ,
1 Apr il l’4h4, Answer Sheet . Armed Forces Qualification Test 7 and 8.
This answer sheet has two characteristics which art’ pertinent to this
research: Low density spacing and large letter-block response spaces .
In con t ras t , the experimental answer sheet used with AFQT-8DX (PT 473b ,
1 June l9t,’~, Answe r She e t , Armed Forces Qualification Test , 7DX and 8DX)
has h igh dens it y spac ing, and small rectangular response spaces . These
differences are i l l u s t ra t e d  in Figure 1.

Variable s

Th ’  exp erim ent a l and operat iona l answer sheets  were scored i n  ARt t o
obtain the following dat a:

I . AFQT . Form SDX . Total Score .
2. AQB , VE Score from AFQT-8DX.
3 . AQB , AR Score from AFQT-8DX.
4. AQB , SM Score’ from AFQT-8DX.
S . AQB , PA Score’ from AFQT-8DX.
6. AFQT Form 7C. Total Score .
7. AQB . VE Score from AFQT-7C.
8. AQB , AR Score from AFQT- 7C.
9 . AQB , SM Score from AFQT-7C .

10 . AQB , PA Score frois AFQT-7C.

The test symbols used to designate the AQB subtests scores re fer to
scores on counterpart tests of the Army Classification Battery (ACB) . The’

4
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OPERATI(X’IAL ANSWER SHEET FORMAT FOR AFQT-7C

2 8 8 1 1 1  3 2 1 1 1 1 1 1 1  6 2 9 1 1 1 1 1 9 2 8 1 1 ( 1 1

39 11 C 11 ~~ 11 C 11 63 11 11 C 11 93 11 11 C 11
4 1 1 1 1 1 f f  3 4 1 1 1 1 1 0  6 4 1 1 1 1 C 1 1  9 4 1 1 0 1 1 1  H

5 11 0 1 1 1  3 5 A 1 1 C 1 1  6 5 0 0 1 1 1  9 5 1 1 1 1 1 1 1
6 8 11 C 11 36 11 8 C 11 66 11 11 C 11 96 8 ~ II
78 11 C 11 11 C 11 67 11 11 C 11 97 11 11 1 II
8 1 1 1 1 1 1 1  ~~1 1 1 1 C 1 1  6 8 9 1 1 C 1 1  9 8 A 1 1 1 0
9a 11 C 11 ~~ 11 C 11 0 C 11 9911 11 C 11

10 11 11 C I] 40 11 11 C II 70 11 11 C 11 ioo 8 11 C 11

EXPERIMENTAL AN SWER SHEET FORMAT FOR AFQT-8DX

£ S C C S C O  A S  C O  A S  C D  £ 8  C D

2~~~ J~~Ij~~ ‘~ C O O O  i z 0 0 1 1 1 1  6 2 1 1 0 1 1 0  8 2 1 1 1 1 1 1 1 1
• B c  0 A l C D  A S C O  A B C S

3 1 1 0 ~~0 13 1 1 1 1 0 0  4 3 1 1 1 1 1 1 1 1  6 3 0 1 1 1 1 0  8 3 1 1 1 1 1 1 1 1
~ S c :  A S C  ~ ~ l C D  A B C S  A B C S

4 0 0 0 1 1  2 1 0 0 0 0  u 0 0 0 1 1  6 4 1 1 1 1 1 1 1 1  a~ 1 1 1 1 f f f l
A S C  0 A I C S  A B C S  A S C O  a B C  D

. S~ j j j ~ J~ J 2 5 1 1 1 1 1 1 0  1 5 9 1 1 1 1 0  s s 1 1 1 1 1 1 9  a s f l f l 1 1 ~A I c  0 0 8  0 0 5 C C  A B C S  A D  C D

‘ 1 1 0 1 1 1 1  2 s ’] . O O D  is C f l ] 0  s & 0 0 0 1 1  8 6 1 1 1 1 1 1 0
* 3  C O  A S C  D A C O  e S C O

~ 9 f l 1 1 l l  2 1 0 1 1 1 1 9  i i 0 0 0 1 1  ‘~ 0 0 0 1 1  a i 9 1 1 0 1 1
A P C  C’ A I C S  A a C D  A B C S  A B C S

a 1 1 0 1 1 1 1 . z a 1 1 0 1 1 0  4 3 1 1 0 0 0  s a 1 1 0 0 1 1 u 1 1 0 1 1 0
A e c o  A B C S  A B C S  A B C S  ~~~ S C D

s~~0 1 1 g  z~ 8 0 f l 0  4~~0 G 1 1 0  6 8 0 1 1 1 1 0  a~ 0 l l 1 1 l l
A B C S  A S C O  ~ A I C C  c R C  S

i o 0 0 1 1 0  3 0 0 0 1 1 1 1  5 0 0 0 0 0  i o 0 0 0 0  s o 1 1 1 1 1 1 0

FIGURE 1. COMPARISON OF OPERATIONAL AND EXP ERIMENTAL
AFQT ANSWE R SHEET FORMATS
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verbal subtest is designated yE, the arithmetic reasoning subtest AR,
the tool functions subtest SM (for Shop Mechanics), and the spatial
relations subtest PA (for Pattern Analysis) .

The scores referred to may be raw scores, percentile scores or Army
Standard Scores.

Statistical Operations

To determine comparability of machine scoring efficiency , the
experimental and operational answer sheets were scored on the DIGITEK
Optical Scanner and raw scores were obtained for all variables. Sepa-
rately for Samples A and B, the different orders of administration,
the number of answer sheets selected out by the test scoring machine
and the reason for each rejection were tabulated.

Score comparability was determined in two stages. In the first stage,
an analysis of variance was performed on the total number of cases to test
for the presence of differences between Samples , A vs. B; between test
periods, first test vs . second ; and between Forms, operational vs. experi-
mental. Raw scores were analyzed separately for AFQT total score and for
each of the four subtest scores, utilizing a Latin Square design with
repeated measures on the same subjects over the Forms and periods variables.
Computations were performed on the unequal size subject groups utilizing the
unweighted means method.

tn the second stage, the total sample (Sample C) was stratified on
the basis of total AFQT 7C percentile scores to be representative of the
AFQT mobilization population. Stratification was accomplished by using
all cases and weighting the frequency in each decile by a multiplier such
that the effective frequencies in all deciles were equal.

In the stratified sample, the following computations were made:

1. Raw score means and standard deviations for all variables.

2. An intercorrelation matrix for all variables.

3. Cumulative percentiles for APQT-7C and APQT-8DX.

RESULTS

Observations of the administration of the experimental vs . the opera-
tional AFQT revealed no admini~ tratLve difficulties peculiar to the
experimental form.

Thirteen experimental and fifteen operational answer sheets were
selected out by the DIGITEIC optical scanner. This result demonstrated
that. efficiency of machine scoring was not impaired by the new format.

6



The anal ys is  of var iance tables used in de ter m ining samp le , test
period , and form differences are shown in the Appendix (Tables A-i ,
A-2 , A-3 , A-4, and A-5). Means of the var ious fac tors and sign i f i c a n c e
of the differences between these means are summarized in Table 2. These
results show a statistically significant difference between the two forms
on AFQT total score . Results of analysis  of the sub tes t scores show these
f orm d i f f e r e n ces to be con t r ibu ted to by statistically significant differ-
ences in the SM and PA subtests , with no form differences in VE and AR
subt ests. The samp les also d i f fe red  in SM scor e , test per iods in PA score ,
wi th no other statistically significant differences being detected .

The s i gn i f i c an t d i f f e rences  occurred in the picture items and not in
the word items . This occurrence is thus a function of changes made to the
test booklet S, not the revised answer sheet format. Since the picture
it ems in the experi men tal bookle t are cons iderably  sma l l e r than tho se in
the opera t ional bookle ts , it was concluded that reducing the size of the
pictures increased the difficulty of the picture items . The obvious
solution to this problem is to enlarge the size of the pictures in the
experimental forms .

Pooling over the ind iv idua l samp le and t e s t  per iod d i f f e r e n c e s
(statisticall y s ign i f i can t bu t prac t i ca l l y sma l l ) ,  the total sample was
stratified , and these stratified sample means , standard deviations and
inte rcorrela ti on coe f f i c ien ts are sh own in Table 3,

The correlation of .95 between the AFQT scores in the two forms is
a strong ind ica t ion tha t the two forms remain al terna te desp ite change
in format of booklet and answer sheet (the orig inal standardization r
was .93). The correlation of each subtest with its alternate form sub-
test (.93 , .92 , .86, and .86 for yE , AR , SM, and PA , respectivel y)  are
eq ua l l y acceptable . Thus, change in s ize of pictures is the only change
considered necessary .

Table 2

SUMMARY OF UNWE IGHTED ME AN SCORE DIFFERENCES

Samp les Test Periods Forms
A B 1st Test 2d Test 7C 8DX

AFQT 58.42 NS 56.60 57.06 .01 57.96 58.23 .01 56.79

VE 16 .41 NS 15. 98 16.20 NS 16 .19 16 .18 NS 16.21

AR 15.14 NS 14 .94 15. 05 NS 15. 03 14 .94 NS 35. 14

SM 13. 66 01 12 .61 13. 03 NS 13.24 13. 60 .01 12 .67

PA 13. 44 NS 13. 31 12 .98 .01 13. 77 13. 71 .01 13.04

7
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Cc~4CLU SIONS

1. ~Use of the high d e n s i t y  answer sheet  does not make the AFQT more
d i f f i c u l t  than use of the low densi ty  answer sheet . The h igh  dens i t y
AFQT answer shee t may be substituted for the low density AFQT answer
sheet in operational programs without restandardization.

2. Reducing the size of the i l l u s t r a t i o n s  appears to increase the dif-
f i c u l t y  of the tool functions and spatial relations subtests . - ,

Before the test format in the AFQT 8DX booklet  is used ope)ra t ionally,
the i l lus tra tions shou ld be enlarged . A 107. reduc t ion  from tl~e size con-
tam ed in the AFQT 7C bookle t  is the sma l l e s t  s ize  considered adequate .

$
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APPENDIX
Table A-i

AN ALYSIS OF VAR IANCE: TOTAL SCOR E DER IV ED FROM AFQT 7C
AND AFQT 8DX

Sums of Mean
Source Squares DF Squares F P

Be tween Sublects 107 1

Sa mp les 1 , 739 .0 1. 1, 739 .0 1 . 51 NS

Subjects within
samp les 1,229 ,613.0 1070 1 ,169.2

With in Sublects

Test Periods 410.0 1 410 .0 10 .85 .01

Forms 1 ,085.0 1 1,085 .0 28.70 .01

Error  40 , 449 .0 1070 37 .8

— ‘1
11. .
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Table A-2

ANALYSIS OF VARIANCE: VERBAL (VE) SUBTEST SCOR E DERIVED
FROM APQT 7C AND AFQT 8DX

Sums of Mean
Source Squares DF Squares F P -

Between Sub jects  107 1

Samples 97.5 1 97 .5 0 .81 NS

Subjects within
samp l es 128 ,822 .0 1070 120 .4

W i t h i n  Subj ec ts  1072

Test Periods 0.0 1 0.0 0.01 NS

Forms 0.6 1 0.6 0.09 NS

Error  6 ,280 .2 1070 5. 9

Table A-3

AN ALYSIS OF VARIANCE: ARITHMETIC REASONING (AR ) SUBTEST SCORE
DERIVE D FROM AFQT 7C AND AFQT 8DX

Sums of Mean
Source Squa res DF Squares F P

Between Subjects 12.11
Samples 21.0 1 21. 0 0 .1 8 NS

Subjects  wi th in
samples 123 , 861. 0 1070 115.8

Within Subjec ts .1.2Z2.
Test Pe riods 0 .2  1 0 . 2 0 .03 NS

Forms 21.0 1 21 .0 3.31 NS

Error 6,794.7 1070 6.4

12
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T.~b 1~’ A-4

ANALYSIS OF VAIUA~CE : SHOP MECHANICS (SM~ SLIBTEST
SCORE [)ERIVEI) FROM AFQT 7C AND AFQT 81)X

Sums ot Mean
Source Squares DF Squares F I’

Between  Suh ~ ec t s  1071

l ’ s  ~81 ~1) 1 ‘$1 . 0 8 . ~ .

~ within
~.CI fl p IC ’ S / / • 4 h~ • 1) I 070 1 - -~

W~ t h i n Sub ’ c t s  1072

Te st  Per ods .; •
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